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Abstract

and body mass index.

weight gain exercise the opposite effect.

Background: To date, only few studies have investigated ghrelin levels in bipolar disorders, and all have exclusively
measured acylated ghrelin, with none investigating total ghrelin (acylated and des-acylated). We aimed to investigate
peripheral levels of acylated and total ghrelin in subjects experiencing a manic episode of bipolar disorder.

Methods: Peripheral levels of acylated and total ghrelin were measured in hospitalised medicated individuals recov-
ering from a manic episode. Enzyme-linked immunosorbent assays (ELISA) were used to measure ghrelin levels in
patients and compared with healthy controls. The relationship between ghrelin levels in bipolar disorder, self-reported
hunger measures, demographic and clinical parameters was investigated with correlational analyses.

Results: Twenty-four subjects (15 males, 9 females) recovering from mania and 27 matched healthy controls (13
males, 14 females) were recruited for the study. Mean values of both acylated (187 vs.520 pg/mL) and total ghrelin
(396 vs. 648 pg/mL) were significantly reduced in bipolar disorder (p =0.001). Ghrelin levels correlated positively with
markers of illness severity and negatively with prescribed mood stabilizers, second-generation antipsychotics, weight

Conclusion: Peripheral measurements of acylated and total ghrelin were both reduced in bipolar disorder patients
compared to healthy controls. Whilst illness severity promotes higher ghrelin levels, pharmacological treatment and

Keywords: Bipolar disorder, Mania, Euthymia, Total ghrelin, Acylated ghrelin, Des-acylated ghrelin

Introduction

Bipolar disorders are mood disorders characterized by
the presence of episodes of depression and mania with
a lifetime prevalence of 1 to 3% [1]. Globally bipolar dis-
orders are the sixth cause of disability affecting about 45
million people in 2016 [2, 3].
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There is great interest in improving our understanding
of the biology of bipolar disorders with the hope that this
might improve therapeutic targets and shed some light
on the higher-than-expected level of physical morbidity
and mortality, often complicated by metabolic abnor-
malities and high body weight [4]. Research suggests that
ghrelin, a peripheral hormone known to regulate food
intake, may be a relevant player in bipolar disorders.

Ghrelin is a 28-amino acid peptide hormone with mul-
tiple biological functions. It triggers the release of growth
hormone (GH) by acting on the GH secretagogue recep-
tor la (GHSR) [5]. It also exercises orexigenic effects
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(hunger stimulation promoting food intake), modu-
lates glucose homeostasis, regulates lipid metabolism
and enhances gastrointestinal motility and regeneration
[6-9]. In the central nervous system ghrelin is involved
in cognition, mood, reward and sleep [10-12] through
the modulation of GHSRs in the hypothalamic—pituitary
axis, hippocampus, substantia nigra, ventral tegmen-
tal area, raphe nuclei, Edinger—Westphal nucleus and
pyriform cortex [13]. Hypothalamic-limbic connections
where GHSR are expressed may explain the possible
link between ghrelin and alterations in mood states [14].
Additionally, ghrelin interacts with brain reward path-
ways to increase food intake and enhance food reward
[15]. There is evidence for an overlap of neurobiologi-
cal mechanisms regulating both food and other reward
pathways [16] which might be linked with impulsivity
and risk taking. This suggests that ghrelin may have a
role in increasing motivation and goal-directed behav-
iour, which are markedly increased in the manic phase of
bipolar disorders and are part of their diagnostic criteria
[17].

Whilst a small proportion of ghrelin is produced in the
hypothalamus and pituitary gland, 60-70% of the circu-
lating ghrelin originates from the gastric enteroendocrine
cells with a small contribution from the small intestine,
pancreas, lungs, kidneys, adrenal cortex, bones, testis
and placenta [6, 18].

The two peripheral isoforms of ghrelin in humans
include acylated and des-acylated ghrelin. Although
acylated ghrelin accounts for less than 10% of the total
circulating ghrelin it is historically considered the active
peptide. The des-acylated isoform of ghrelin, which con-
stitutes the majority of the circulating isoform [19], has
more recently been shown to play a significant role in the
metabolism of lipids, muscle, bone and endothelial cells
[13, 20-22]. In addition, des-acylated ghrelin has been
shown to be a functional antagonist of acylated ghrelin,
and to exercise independent hormonal effects on a sub-
set of cells of the arcuate nucleus in a GHSR-independent
manner, influencing glucose and lipid metabolism with
effects on cardiovascular, neurological, gastrointestinal,
gonadal function [23, 24].

To date, studies of circulating peripheral levels of ghre-
lin in bipolar disorder suggest both elevated [25, 26] and
reduced activity [27-29]. This can be related to different
mood states, with some of the studies exploring either
depressed or euthymic states, and some using mixed
samples with different mood states. In one study, the
ghrelin levels in patients during mania did not signifi-
cantly differ compared to controls at baseline although
the levels increased following response to treatment
and improvement [26]. In addition, studies of ghrelin in
bipolar disorders have exclusively investigated acylated
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ghrelin, with none evaluating total ghrelin (acylated and
des-acylated ghrelin) considering that des-acyl ghrelin is
equivalent to about 90% of the circulating hormone [9].
Furthermore, there is accumulating evidence that des-
acylated ghrelin exerts a significant effect and is not inac-
tive as initially thought.

Therefore, the aim of this study was to investigate
peripheral levels of acylated and total ghrelin in bipolar
disorder patients hospitalized for a manic episode and in
relation to hunger measures, demographic and clinical
variables. Based on previous work, we hypothesized that
levels of total and acylated ghrelin levels will be higher in
medicated bipolar subjects experiencing a manic episode
than healthy controls although negatively influenced by
body mass index.

Methods

Participants

In this cross-sectional study, cases were recruited from
the psychiatry inpatient department at Al-Ain Hospi-
tal in the Emirate of Abu Dhabi, United Arab Emirates
over a 3-year period. We included male and female sub-
jects, aged 18—65years, diagnosed with a manic episode
of bipolar disorder at the time of admission according to
the Diagnostic and Statistical Manual version 5 [17]. Pro-
spective participants were recruited when able to consent
to the study at week 4 after admission when symptoms
were milder. Severity was established with the Young
Mania Rating Scale (YMRS) [30]. A minimum score of 12
indicated the presence of manic symptoms. Co-morbid
axis I or axis II psychopathology and history of substance
misuse disorders were excluded. Healthy controls were
matched according to demographic variables and were
recruited from non-consanguineous relatives of patients
visiting the hospital (e.g., spouse, spouse’s sibling), and
from employees and students based at Al-Ain Hospi-
tal. History of any psychiatric disorder was an exclusion
for healthy controls. For each participant, data collected
included age, sex, weight (kg), height (m), BMI (kg/m?),
family history of psychiatric disorders, past medical his-
tory, acylated and total ghrelin levels (pg/mL). Subjective
sense of hunger was measured with the Visual Analogue
Hunger Scale with scores varying from 1 meaning ‘not
hungry at all’ to 10 being ‘very hungry’ [31].

In addition, for bipolar subjects, data collected included
prescribed medication and clinical variables (index epi-
sode with bipolar disorder subtypes including duration in
months, length of illness in years, number of hospitaliza-
tions and history of psychotic features).

Measures of ghrelin levels
Blood samples (5ml) were collected between 9am-12pm
and drawn into anticoagulant-free serum tubes. Participants
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were non-fasting before venepuncture. Pefabloc (1 mg/ml)
was added to inhibit proteases and the blood samples were
allowed to clot at room temperature for 30 min. The samples
were then centrifuged at 2500 x g for 15min at 4°C. Serum
samples were collected and acidified with a final concen-
tration of 0.05N hydrochloric acid and stored at —80°C.
Total and acylated ghrelin levels in serum were deter-
mined using 96-well plate total and active human ELISA
kits (Merck Millipore, Missouri, USA), as per manufactur-
er’s instructions. Briefly, sandwich ELISA was performed
by capturing acylated and total ghrelin molecules in 20l
serum samples with specific antibodies. Then the ghrelin-
antibody complex was immobilized to the bottom of the
ELISA plate wells with the help of pre-treated anchor anti-
bodies. The wells were incubated with biotinylated sec-
ondary antibodies, followed by streptavidin conjugated
with horseradish peroxidase. Finally, the samples were
treated with 3,3',5,5'-tetramethylbenzidine substrate and
the peroxidase activity was measured spectrophotometri-
cally at 450 and 590 nm. Concentrations of both total and
acylated ghrelin were calculated by using standard curves
of their known concentrations.

Statistical analyses

Data were recorded and analysed using the statistical
package of social sciences IBM SPSS Statistics for Win-
dows, version 26.0 (IBM Corp., Armonk, New York,
USA). Results were tabulated, grouped and statistically
analysed by using conventional approaches for para-
metric, non-parametric and non-numerical data. Chi-
square test was used to compare categorical variables and
independent-sample student t-tests to compare means.
Univariate analysis of covariance (ANCOVA) within the
General Linear Model was used to compare serum total
and acylated ghrelin. The model was chosen as it takes
into consideration potential unmatched covariates of
interest. Pearson correlation coefficient (r) and point-
biserial correlation test (r,,) for categorical data were
used to study the direction and power of relationships.
The analyses were Bonferroni corrected for multiple
comparisons. Statistical significance was set at p <0.05.

Results

Demographic and clinical characteristics

Fifty-one subjects participated in the study, 24 bipolar
disorder patients and 27 matched healthy subjects (see
Table 1 for demographic and clinical characteristics).
BMI and number of physical co-morbidities were signifi-
cantly higher in patients compared to controls (29.8 vs.
26.4 and 9 vs. 3 respectively). At the time of the assess-
ment, 19 patients had a history of psychotic symptoms,
and all were medicated. The mean YMRS score suggested
that patients were mildly manic or euthymic at the time
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of recruitment. Self-reported hunger scores did not differ
between cases and controls. Medication classes included
a range of different compounds whilst ghrelin levels var-
ied within each pharmacological group (see Table 1).

Ghrelin level in bipolar subjects in comparison

with healthy controls

The analysis of covariance which incorporated BMI and
past medical history as covariates of interest indicated
that mean levels of acylated and total ghrelin were signifi-
cantly lower in bipolar patients vs. healthy controls (both
p=0.001) (see Table 1 and Fig. 1 for details).

Relationship between total and acylated ghrelin

levels with demographic, clinical parameters

and pharmacological treatment in bipolar disorder

The level of acylated ghrelin was higher in patients who
experienced more manic episodes (r=0.674, p = 0.001)
and hospitalizations (r=0.462, p =0.035) and lower
with increasing weight (r=—0.339, p =0.018) and BMI
(r=—0.326, p =0.024). Levels of acylated and total
ghrelin were higher in females (r,,=0.331, p =0.019
for total ghrelin; r,,=0.305, p =0.035 for acylated ghre-
lin) and lower in patients receiving mood stabilizers
(r,,=—10.368, p =0.008 for total ghrelin; r,,=—0.425,
p =0.003 for acylated ghrelin) or second-generation
antipsychotics (r,,=—0.337, p =0.017 for total ghrelin;
rpp=—0.288, p =0.047 for acylated ghrelin). The level
of total ghrelin was lower in patients receiving hypnot-
ics (r,,=—0.327, p =0.021). There were no significant
effects of subjective hunger measurement and of YMRS
scores or of any other variables (See supplementary
Table 2).

Discussion

To the best of our knowledge, this study is the first to
investigate levels of both total and acylated ghrelin in
patients with bipolar disorder. The work also investi-
gated demographic and clinical parameters associated
with changes in ghrelin levels. Differently than expected,
results showed that patients who experienced a recent
manic episode had significantly lower levels of both
acylated and total ghrelin compared to healthy controls
after controlling for possible confounders. Hence, we
found that overall measures of acylated and total ghrelin
were synergistic.

Interestingly, correlations suggested that the level of
acylated ghrelin was higher in patients who experienced
more manic episodes and hospitalizations and lower
with increasing weight and BMI. Levels of acylated ghre-
lin were higher in females than males. Overall, the data
support the notion that acylated peripheral levels might
be negatively affected by BMI and weight, particularly in
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Table 1 Demographic and clinical parameters in bipolar disorder patients and healthy controls

Bipolar disorder (N=24) Healthy Controls (N=27) Test p value
Agein Yrs. (Mean & SD) 31.92(9.789) 3441 (9316) t=-0931 0357
M:F ratio 15:9 13:14 x2=1.057 0.304
YMRS score (Mean & SD) 8.58 (5.656) - - -
lliness duration in years (Mean & SD) 442 (4.596) - - -
Episode duration in months (Mean & SD) 2.25(0.442) - - -
N. total Episodes (Mean & SD) 2.04 (2.236) - - -
N. Manic Episodes (Mean & SD) 1.67 (2.334) - - -
N. Depressive Episodes (Mean & SD) 0.33(0.702) - - -
N. of Mixed Episodes (Mean & SD) 0.25(0.532) - - -
N. of Hospitalizations (Mean & SD) 2.67 (4.949) - - -
Past Medical History (N) 9 3 x2=4.917 0.027 *
Weight in kgs (Mean & SD) 81.47 (16.627) 7443 (16.592) t=1510 0.138
Height in metres (Mean & SD) 1.65 (0.095) 1.67 (0.084) t=-0.559 0.579
B/\/I/fkg/mz (Mean & SD) 29.77 (6.648) 2642 (4.604) t=2.109 0.040 *
FH Psychiatric Disorder (N) 3 2 x2=0.373 0.542
Hunger Score (Mean & SD) 2.92 (1.998) 3.26 (1.457) t=-0.705 0.484
Acylated Ghrelin in pg/mL (Mean & SE) 187 (69.46) 520 (60.79) F=12211 0.001*
Total Ghrelin in pg/mL (Mean & SE) 396 (52.41) 648 (48.06) F=11.697 0.001*
Pharmacological compounds Total Ghrelin pg/mL (Mean & SD) Acylated Ghrelin pg/mL (Mean & SD) - -
Mood Stabilizers (N=20) 407 (162.77) 172 (150.70) - -
First Generation Antipsychotics (N=3) 485 (202.76) 197 (223.57) -
Second Generation Antipsychotics (N=16) 395 (16243) 216 (197.57) - -
Third Generation Antipsychotics (N=28) 390 (144.88) 132 (47.38) - -
Benzodiazepines (N=13) 408 (141.06) 255 (194.75) - -
Hypnotics (N=10) 347 (145.61) 237(207.44) - -
Antidiabetics (N=4) 364 (114.16) 318(196.02) - -
Others (N=7) 460 (185.40) 172(162.29) - -

N =number; *p statistically significant; SD=Standard Deviation; SE=Standard Error; Yrs =years; M: F =Male: Female; kg = kilograms; BMI = Body Mass Index;
FH=Family History; YMRS =Young Mania Rating Scale; FGA =First Generation Antipsychotics; SGAs = Second Generation Antipsychotics; TGA =Third Generation
Antipsychotics; pg/mL = picogram/ milliliter; x2 = Chi-square; t = student t-test; F = ANCOVA
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Fig. 1 Acylated and total ghrelin levels in bipolar disorder in comparison with healthy controls
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men, whilst higher levels of ghrelin might be a proxy for
more severe forms of illness. We also found that phar-
macotherapy (mood stabilizers or a second-generation
antipsychotics) correlated negatively with both acylated
and total ghrelin levels, a direction of the effect opposite
to parameters suggesting a more severe index episode.

In relation to our main finding of reduced acylated and
total ghrelin levels, Kalenderoglu and colleagues reported
lower levels of ghrelin in euthymic patients with bipolar
disorder receiving medication for at least 3 months com-
pared to healthy controls [28]. This is somewhat similar
to the data presented in this work which included medi-
cated patients recruited within 4weeks of recovery from
a recent manic episode. Tungel and colleagues did not
find that acylated ghrelin levels varied in patients experi-
encing mania vs. healthy controls [26]. In another study,
acylated ghrelin levels significantly increased in manic
patients after treatment and symptoms amelioration. The
authors attributed these findings to the possible effect of
olanzapine in inhibiting post-prandial reduction in ghre-
lin levels [32] corroborated by further evidence that olan-
zapine might enhance post-prandial activation of GHSRs
[33].

While our study was cross-sectional and did not specif-
ically investigate the effect of treatment on ghrelin levels,
we did find significant negative correlations between the
intake of mood stabilizers, atypical antipsychotics with
acylated and total ghrelin levels. This finding is consistent
with studies suggesting that mood stabilizers (particu-
larly valproate in epileptic patients) and atypical antipsy-
chotics tend to reduce ghrelin levels [34, 35].

There is also evidence that bipolar disorder patients
receiving lithium monotherapy display significantly lower
levels of ghrelin compared to controls [27]. Similarly,
bipolar patients with mania receiving electroconvulsive
therapy were found to have significantly lower ghrelin
levels post-treatment compared to pre-treatment [36].
Collectively, these findings suggest the possibility that
reduced ghrelin levels in bipolar disorder patients might
be associated with pharmacological treatment, although
some treatment types like olanzapine might exercise the
opposite effect.

Giiler and colleagues reported increased ghrelin lev-
els in bipolar disorder patients experiencing a depres-
sive episode and in remission compared to healthy
controls [25]. These differences were attributed to some
of the symptoms such as disturbance in food intake and
sleep-wake dysregulation. Rosso and colleagues found
significantly lower levels of ghrelin in patients with bipo-
lar depression compared to controls and suggested that
this might play a role in the pathogenesis of bipolar dis-
order representing a state-marker in the absence of sig-
nificant medication effects [29]. The significant positive

Page 5 of 8

correlation between acylated ghrelin and numbers of
hospitalization might at face value support the possibility
of an association between increasing levels of ghrelin and
chronicity as suggested by staging illness models propos-
ing that a high number of recurrent episodes reflects late-
stage bipolar disorder [37].

Our study found a significant negative correlation
between acylated ghrelin levels with body weight and
BML. Previous studies in bipolar disorders showed mixed
results regarding this aspect of ghrelin functions with
one study demonstrating no correlation between BMI
and ghrelin levels [36] and two others showing that BMI
negatively correlated with ghrelin levels, in agreement
with our findings [29, 38]. Ghrelin levels tend to rise in
states of weight loss in the context of caloric restriction,
cachexia, anorexia nervosa and bulimia nervosa and
decrease in states of overfeeding. This ghrelin response is
reported not to be dependent from food intake per se as
evidenced by rising ghrelin levels in weight loss through
exercise in the absence of food restriction. Interestingly
we did not find any relationship between ghrelin isoforms
and self-reported measures of hunger. Ghrelin is there-
fore very likely to play a significant wider role in energy
homeostasis [39] and together with other metabolic
parameters [29] might be of interest in bipolar disorders
especially in view of the reported physical morbidity and
mortality [4].

Our study showed a significant correlation between
sex and total and acylated ghrelin with higher levels in
women. Previous studies exploring sex differences and
ghrelin levels in bipolar disorders are contradictory. Kurt
and colleagues found no correlation between ghrelin level
and sex attribution [36] and Kalenderoglu and colleagues
found no significant sex effects in ghrelin levels of bipolar
disorder patients [28]. On the other hand, Rosso and col-
leagues found a significant correlation between sex and
ghrelin levels [29] whilst Kim and colleagues reported
higher acylated ghrelin levels in men [38]. Makovey
and colleagues noted that sex differences tended to vary
according to the BMI range of the groups under inves-
tigation with significantly higher ghrelin levels reported
in women in the normal BMI range, and no sex effects
in case of obesity [40]. The latter findings suggest higher
levels of ghrelin in women with a plateau for measures of
adiposity beyond which sex differences become less rel-
evant. The participants of this study were largely not in
the obese range which might justify our findings in line
with previous research.

Limitations of this study include, in line with similar
work, the relatively small sample size. This reflects the
genuine difficulty in recruiting mood disorder patients
[41]. In addition, patients admitted in the manic phase
were recruited when symptoms were sufficiently mild
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to allow informed consent to take place. It follows that
there are limitations in the generalizability of our find-
ings in relation to severity and other phases of the ill-
ness (e.g., depressive, mixed phase). In addition, the very
cross-sectional nature of the study does not allow infer-
ences related to causality. A longitudinal study might be
better equipped to address this issue. We also included
patients receiving heterogeneous medications that could
affect metabolic parameters including appetite. Although
we did not find any effect of self-reported satiety in our
analyses, it would be preferable to investigate medication
free patients, although it may be difficult to justify delay-
ing treatment from an ethical perspective. Furthermore
the 4-week gap between patients being admitted and
being recruited into the study created a time lag which
prevented the study from investigating mania in the very
acute phase. Altered levels of catecholamines and stress-
related hormones such as cortisol, shown to be associated
with bipolar disorders [42—-44], were not evaluated in this
study and could have contributed to the measured sup-
pressed levels of ghrelin. Hence it is important to consider
controlling for these factors in future studies to establish
their relationship with ghrelin. Also, this study did not
include measurements of levels of leptin. This informa-
tion could have contributed to further understand the
relationship between ghrelin and leptin in bipolar disor-
ders. There is however evidence that leptin levels are not
altered in bipolar disorder across the mood spectrum
compared to healthy controls [24]. The indirect measure-
ment of the des-acylated isoform from the total ghrelin in
a similar or lower range than acylated ghrelin levels, sug-
gests that the stabilisation of the patient samples was opti-
mal and that blood samples were adequately processed.

Conclusions

This study indicates that measures of acylated and total
ghrelin were synergistic. Both acylated and total ghrelin
levels were decreased in medicated patients with bipolar
disorder recovering from a manic episode. There is no evi-
dence from this study that self-reported hunger measures
differed in bipolar disorder or impacted on ghrelin levels.
In addition, lower levels of ghrelin tended to be associated
with higher weight and BMI. The level of ghrelin tended
to increase with illness severity whereas prescribed medi-
cation exercised somewhat the opposite effect. Enthus-
ing evidence emerging from neuroimaging studies might
offer interesting biological models for early detection and
identification of potential neurobiological targets in mood
disorders which could include ghrelin [45, 46]. Further
preclinical and clinical investigations are necessary to bet-
ter understand whether ghrelin plays a role in the patho-
physiology, progression, physical morbidity and mortality,
response and remission of bipolar disorders.

Page 6 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512888-022-03842-1.

[ Additional file 1. }

Acknowledgements
Authors wish to thank all the participants of this study.

Authors’ contributions

KAA conceptualize the study, designed the methodology, identified resources,
provided supervision, project administration, funding acquisition, and wrote
the first draft of the manuscript. FA contributed to investigation, formal
analysis, project administration, review and editing of the manuscript. SS and
PS contributed to investigation, formal analysis, review and editing of the
manuscript. TJ and MEE contributed to investigation, review and editing of the
manuscript. HM contributed to conceptualization, methodology, review and
editing of the manuscript. DAE contributed to conceptualization, methodol-
ogy, review and editing of the manuscript. DA contributed to formal analysis,
review and editing of the manuscript and final draft of the paper. SMK contrib-
uted to conceptualization, methodology, investigation, resources, supervision,
funding acquisition, review and editing of the manuscript. All authors have
contributed and approved the manuscript.

Funding
This study was funded from a seed grant to KAA and a centre-based grant to
SMK, both from the United Arab Emirates University.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to restrictions of data sharing but are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Participants consented to the study in writing and following a full explana-
tion of the procedures. Ethical approval was granted by both the United Arab
Emirates University Human Research Ethics Committee (Approval code DT/
bb/15-25) and the Institutional Review Board at Al-Ain Hospital in Al-Ain City
in the Emirate of Abu Dhabi, United Arab Emirates (Approval code AAH/EC-10-
15-022). All procedures, inclusion criteria, and consent to participate were in
accordance with the Declaration of Helsinki for medical research involving
human subjects.

Written informed consent was obtained from the patients for publication
ofthis research and any accompanying images. A copy of the written consen-
tis available for review by the Editor-in-Chief of this journal.

Consent for publication
Not applicable.

Competing interests

The other authors declare that the research was conducted in the absence
of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Author details

'Department of Psychiatry and Behavioural Sciences, College of Medicine

and Health Sciences, United Arab Emirates University, Al Ain, United Arab
Emirates. 2Departmem of Anatomy, College of Medicine and Health Sciences,
United Arab Emirates University, Al Ain, United Arab Emirates. >Dept of Chemi-
cal Engineering and Biotechnology, University of Sherbrooke, Sherbrooke, QC,
Canada. “Behavioural Science Institute, Al-Ain Hospital, Al-Ain, United Arab
Emirates. °Drogheda Department of Psychiatry, Drogheda, County Louth, Ireland.
5American Center for Psychiatry and Neurology (ACPN), Dubai, United Arab Emir-
ates.’Okasha Institute of Psychiatry, Neuropsychiatry Department, Ain Shams
University, Cairo, Egypt. 8Institute of Psychiatry, Psychology and Neuroscience,
Centre for Affective Disorders, Kings' College London, London, UK.


https://doi.org/10.1186/s12888-022-03842-1
https://doi.org/10.1186/s12888-022-03842-1

Abdel Aziz et al. BMIC Psychiatry

(2022) 22:209

Received: 5 December 2021 Accepted: 2 March 2022
Published online: 21 March 2022

References

1.

20.

Moreira ALR, Van Meter A, Genzlinger J, Youngstrom EA. Review and
meta-analysis of epidemiologic studies of adult bipolar disorder. J Clin
Psychiatry. 2017;78(9):e1259-69.

Murray CJ, Lopez AD. Global mortality, disability, and the con-

tribution of risk factors: global burden of disease study. Lancet.
1997;349(9063):1436-42.

Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al.
Global, regional, and national incidence, prevalence, and years lived with
disability for 328 diseases and injuries for 195 countries, 1990-2016: a
systematic analysis for the global burden of disease study 2016. Lancet.
2017;390(10100):1211-59.

Yalin N, Arnone D, Young AY. Bidirectional relationships between general
medical conditions and bipolar disorder: treatment considerations [Inter-
net]. Vol. 1. Oxford University Press; 2017 [cited 2021 Dec 1]. Available
from: http://www.oxfordmedicine.com/view/10.1093/med/9780198748
625.001.0001/med-9780198748625-chapter-19

Howard AD, Feighner SD, Cully DF, Arena JP, Liberator PA, Rosenblum Cl,
et al. A receptor in pituitary and hypothalamus that functions in growth
hormone release. Science. 1996;273(5277):974-7.

Tomasetto C, Karam SM, Ribieras S, Masson R, Lefébvre O, Staub A, et al.
Identification and characterization of a novel gastric peptide hormone:
the motilin-related peptide. Gastroenterology. 2000;119(2):395-405.
Kojima M, Kangawa K. Ghrelin: structure and function. Physiol Rev.
2005;85(2):495-522.

Fahim MA, Kataya H, El-Kharrag R, Amer DA, al-Ramadi B, Karam SM. Ghre-
lin attenuates gastrointestinal epithelial damage induced by doxorubicin.
World J Gastroenterol 2011;17(33):3836-3841.

Muller TD, Nogueiras R, Andermann ML, Andrews ZB, Anker SD, Argente J,
et al. Ghrelin. Mol Metab. 2015;4(6):437-60.

Chuang J-C, Perello M, Sakata |, Osborne-Lawrence S, Savitt JM, Lutter M,
et al. Ghrelin mediates stress-induced food-reward behavior in mice. J
Clin Invest. 2011;121(7):2684-92.

. Bahi A, Tolle V, Fehrentz J-A, Brunel L, Martinez J, Tomasetto C-L, et al.

Ghrelin knockout mice show decreased voluntary alcohol consumption
and reduced ethanol-induced conditioned place preference. Peptides.
2013;43:48-55.

Wittekind DA, Kluge M. Ghrelin in psychiatric disorders — a review. Psy-
choneuroendocrinology. 2015;52:176-94.

Delhanty PJD, Sun'Y, Visser JA, van Kerkwijk A, Huisman M, van lJcken WFJ,
et al. Unacylated Ghrelin Rapidly Modulates Lipogenic and Insulin Signal-
ing Pathway Gene Expression in Metabolically Active Tissues of GHSR
Deleted Mice. Tena-Sempere M, editor. PLoS ONE. 2010;5(7):e11749.
Carlini VP, Varas MM, Cragnolini AB, Schiéth HB, Scimonelli TN, de Barioglio SR.
Differential role of the hippocampus, amygdala, and dorsal raphe nucleus in
regulating feeding, memory, and anxiety-like behavioral responses to ghrelin.
Biochem Biophys Res Commun. 2004;313(3):635-41.

Menzies JRW, Skibicka KP, Leng G, Dickson SL. Ghrelin, Reward and Moti-
vation. In: Benso A, Casanueva FF, Ghigo E, Granata R, editors. Endocrine
Development [Internet]. Basel: S. KARGER AG; 2013 [cited 2021 Dec 1. p.
101-11. Available from: https://www.karger.com/Article/FullText/346058
Jerlhag E, Ivanoff L, Vater A, Engel JA. Peripherally circulating ghrelin

does not mediate alcohol-induced reward and alcohol intake in rodents.
Alcohol Clin Exp Res. 2014;38(4):959-68.

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders [Internet]. Fifth Edition. American Psychiatric Associa-
tion; 2013 [cited 2021 Dec 1]. Available from: https://psychiatryonline.
org/doi/book/10.1176/appi.books. 9780890425596

Banerjee RR, Rangwala SM, Shapiro JS, Rich AS, Rhoades B, Qi

Y, et al. Regulation of fasted blood glucose by Resistin. Science.
2004,303(5661):1195-8.

Hosoda H, Kojima M, Matsuo H, Kangawa K. Ghrelin and des-acyl Ghrelin:
two major forms of rat Ghrelin peptide in gastrointestinal tissue. Biochem
Biophys Res Commun. 2000;279(3):909-13.

Asakawa A. Stomach regulates energy balance via acylated ghrelin and
desacyl ghrelin. Gut. 2005;54(1):18-24.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Page 7 of 8

Togliatto G, Trombetta A, Dentelli P, Cotogni P, Rosso A, Tschép MH, et al.
Unacylated Ghrelin Promotes Skeletal Muscle Regeneration Following
Hindlimb Ischemia via SOD-2-Mediated miR-221/222 Expression. JAHA
[Internet]. 2013 Nov 18 [cited 2021 Dec 11;2(6). Available from: https://doi.
org/10.1161/JAHA.113.000376.

Perna S, Spadaccini D, Gasparri C, Peroni G, Infantino V, lannello G, et al.
Association between des-acyl ghrelin at fasting and predictive index

of muscle derangement, metabolic markers and eating disorders: a
cross-sectional study in overweight and obese adults. Nutr Neurosci.
2020;15:1-7.

Delhanty PJD, Neggers SJ, van der Lely AJ. MECHANISMS IN ENDOCRI-
NOLOGY: Ghrelin: the differences between acyl- and des-acyl ghrelin. Eur
J Endocrinol. 2012;167(5):601-8.

Fernandes BS, Dash S, Jacka F, Dodd S, Carvalho AF, Kohler CA, et al.
Leptin in bipolar disorder: a systematic review and meta-analysis. Eur
Psychiatr. 2016;35:1-7.

Giiler ©, Oezbulut O, Kurt E, Alatas G, Serteser M, Gecici O. Ghrelin and
leptin levels in patients with euthymic bipolar disorder and bipolar
depression. Neurol Psychiatry Brain Res. 2007;14(3):111-4.

Tuncel OK, Sarisoy G, Bilgici B, Pazvantoglu O, Cetin E, Tuncel EK. Adipo-
cytokines and ghrelin level of bipolar patients from manic episode to
euthymic episode. Nord J Psychiatry. 2018;72(2):150-6.

Oezbulut O, Giller O, Kurt E, Alatas G, Serteser M, Gecici O. Effects of lith-
jum treatment on ghrelin, leptin and cholesterol levels in patients with
euthymic bipolar disorder. Neurol Psychiatry Brain Res. 2007;14(3):127-30.
Kalenderoglu A, Savas HA, Gergerlioglu HS, Basarali K, Yumru M, Selek S,
et al. Bipolar Hastalarda Serum Ghrelin Seviyeleri ve Metabolik Sendrom
Arasindaki Iliski npa 2011;48(3):1-1.

Rosso G, Cattaneo A, Zanardini R, Gennarelli M, Maina G, Bocchio-Chia-
vetto L. Glucose metabolism alterations in patients with bipolar disorder.
J Affect Disord. 2015;184:293-8.

Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: reli-
ability, validity and sensitivity. Br J Psychiatry. 1978;133(5):429-35.
Sepple CP, Read NW. Gastrointestinal correlates of the development of
hunger in man. Appetite. 1989;13(3):183-91.

Hegeds C, Kovacs D, Kiss R, Séri R, Németh J, Szilvassy Z, et al. Effect

of long-term olanzapine treatment on meal-induced insulin sensitiza-
tion and on gastrointestinal peptides in female Sprague-Dawley rats. J
Psychopharmacol. 2015;29(12):1271-9.

Tagami K, Kashiwase Y, Yokoyama A, Nishimura H, Miyano K, Suzuki

M, et al. The atypical antipsychotic, olanzapine, potentiates ghrelin-
induced receptor signaling: an in vitro study with cells expressing
cloned human growth hormone secretagogue receptor. Neuropeptides.
2016;58:93-101.

Greco R, Latini G, Chiarelli F, lannetti P, Verrotti A. Leptin, ghrelin, and
adiponectin in epileptic patients treated with valproic acid. Neurology.
2005;65(11):1808-9.

Stip E, Lungu OV, Anselmo K, Letourneau G, Mendrek A, Stip B, et al.
Neural changes associated with appetite information processing in
schizophrenic patients after 16 weeks of olanzapine treatment. Trans|
Psychiatry. 2012;2(6):e128-8.

Kurt E, Guler O, Serteser M, Cansel N, Ozbulut O, Altinbas K, et al.

The effects of electroconvulsive therapy on ghrelin, leptin and
cholesterol levels in patients with mood disorders. Neurosci Lett.
2007;426(1):49-53.

Berk M, Hallam KT, McGorry PD. The potential utility of a staging model
as a course specifier: a bipolar disorder perspective. J Affect Disord.
2007;100(1-3):279-81.

Kim E-Y, Lee H-J, Lee N-Y, Yu H-Y, Kim Y-S, Ahn Y-M. The association
between serum leptin, active Ghrelin, adiponectin and metabolic
syndrome in patients with bipolar Disorde. Journal of Korean Society for
Depressive and Bipolar Disorders. 2011;9(3):194-201.

Cummings DE. Roles for Ghrelin in the regulation of appetite and body
weight. Arch Surg. 2003;138(4):389.

Makovey J, Naganathan V, Seibel M, Sambrook P. Gender differences

in plasma ghrelin and its relations to body composition and bone - an
opposite-sex twin study. Clin Endocrinol (Oxf). 2007;66(4):530-7. https://
doi.org/10.1111/j.1365-2265.2007.02768 X.

Wise T, Arnone D, Marwood L, Zahn R, Lythe K, Young A. Recruiting for
research studies using online public advertisements examples from
research in affective disorders. NDT. 2016;279.


http://dx.doi.org/10.1093/med/9780198748625.001.0001/med-9780198748625-chapter-19
http://dx.doi.org/10.1093/med/9780198748625.001.0001/med-9780198748625-chapter-19
https://www.karger.com/Article/FullText/346058
http://dx.doi.org/10.1176/appi.books.9780890425596
http://dx.doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1161/JAHA.113.000376
https://doi.org/10.1161/JAHA.113.000376
https://doi.org/10.1111/j.1365-2265.2007.02768.x
https://doi.org/10.1111/j.1365-2265.2007.02768.x

Abdel Aziz et al. BMIC Psychiatry

42.

43.

44,

45.

46.

(2022) 22:209

Young AH, Juruena MF. The neurobiology of bipolar disorder. In: Young
AH, Juruena MF, editors. Bipolar disorder: from neuroscience to treatment
[Internet]. Cham: Springer International Publishing; 2021. p. 1-20. Avail-
able from: https://doi.org/10.1007/7854_2020_179.

Herane-Vives A, Arnone D, de Angel V, Papadopoulos A, Wise T, Alameda
L, et al. Cortisol levels in unmedicated patients with unipolar and bipolar
major depression using hair and saliva specimens. Int J Bipolar Disord.
2020;8(1):15.

van den Berg MT, Wester VL, Vreeker A, Koenders MA, Boks MP, van Ros-
sum EFC, et al. Higher cortisol levels may proceed a manic episode and
are related to disease severity in patients with bipolar disorder. Psycho-
neuroendocrinology. 2020;119:104658.

Pezzoli S, Emsell L, Yip SW, Dima D, Giannakopoulos P, Zarei M, et al. Meta-
analysis of regional white matter volume in bipolar disorder with replica-
tion in an independent sample using coordinates, T-maps, and individual
MRI data. Neurosci Biobehav Rev. 2018;84:162-70.

Arnone D. Functional MRI findings, pharmacological treatment in major
depression and clinical response. Prog Neuro-Psychopharmacol Biol
Psychiatry 2019,91:28-37.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/7854_2020_179

	Decreased acylated and total ghrelin levels in bipolar disorder patients recovering from a manic episode
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Participants
	Measures of ghrelin levels
	Statistical analyses

	Results
	Demographic and clinical characteristics
	Ghrelin level in bipolar subjects in comparison with healthy controls
	Relationship between total and acylated ghrelin levels with demographic, clinical parameters and pharmacological treatment in bipolar disorder

	Discussion
	Conclusions
	Acknowledgements
	References


